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Preface 
Defined by Solomon W.Golomb, a mathematician, for 
any geometry formed by connecting two or more identical 
squares side by side with each other, it is considered as a 
polyomino. 
This thesis is trying to discuss, in form of research and de-
sign, the possibilities of integrating this geometrical idea into 
architecture. This integration is not only in terms of a plan-
ning strategy, but also as a three-dimensional design and 
construction methodology. Based on modular concept, it al-
lows architects to create various spatial units with a number 
of standardized elements. 
With the diversity of the mechanism, residential housing is 
chosen as the design topic for the tension between its affini-
ties for variations and standardizations which consequence 
in the tectonic development of an experiential modular hous-
ing prototype. 
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Polyominoes 
What is polyominoes 
"Polyomino" is a term coined by a mathematician Solomon 
W.Golomb to describe the geometrical idea of squares 
joined together. For any two or more identical squares sim-
ply connected side by side with each other to make a shape, 
it is called a polyomino. 
2 Shapes 
A polyomino start with a simply square which, a module. 
Two modules connected in set form a domino. By adding 
more modules, two distinct trominoes, consisted of three 
squares could be form. Then continuously build up the 
squares would result in five distinct tetrominoes, consisted 
of four squares, and twelve distinct pentominoes, consisted 








"Tetris"( ) a classic game, would be a popular 
example of playing with polyominoes. It is a shape recogni-
tion game which uses the polyominoes as puzzles to form 
patterns. The patterning is always a trial and error operation 
but the number of polyominoes needed to fill up a given 
area could be calculated by simple mathematics. 
If using pentominoes and given an exact rectangle of area 
4x5=20 units as a frame as example, 4 pieces of pentomino 
could fill up the frame as each piece has an area of 5 units. 
Any area formed by adding or subtracting units from a rect-
angle could also be a frame. For example an area of 15 
units could be formed by a rectangle of 4x4 units -1 unit, or 
an area of 25 units could be formed by a rectangle of 4x6 
units +1 unit. These rectangular frames could then be filled 
up by 3 and 5 pieces of pentomino respectively. 
To solve patterns, it is a trial and error operation by recog-
nizing the shapes of the polyominoes. Usually a portion of 
the area would be solved first before the rest of the area 
which in mathematics called that a "Key Position". Working 
with the key position once again would solve different pat-
terns in the given area. 
2.1.1 fill of area 
2.1.2 addition of area 
2.1.3 subtraction of area 
I . 
2.2 Volumes 
If the module becomes a cube instead of square, a set of 
polyomino blocks with volumes would be developed. Similar 
to how the areas are solved. The number of blocks needed 
to fill up a spatial frame could also be calculated. 
Using blocks formed with 5 cubes as example, as each 
piece has a volume of 5 units, they could fill a space with 
volume equal to product of 5 units. 
To solve the patterns, it is also a trial and error operation 
by recognizing the 3-dimensional shapes of the polyomino 
blocks. 
2.2.1 fill of volume 
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2.2.3 subtraction of volume 
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Here, some properties of the geometry of the polyominoes 
are studies. This included axis, nodes, joints, rectangular 
frames and pattemings. 
Starting from a square module, the studies 
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3.2 Nodes 
Intersection of axis formed nodes, which implies turning 
points in the polyominoes. 
I I 
3.3 Joints 
A square module has four sides and each side is free from 
connection when standing alone. Here number of sides of 
the modules are joint with the others when forming the poly-
ominoes is studied. 
• n =B 
- 2 
3.4 Rectangular frames 
Each piece of polyominoes could be extracted from a solid 
rectangular frame in which the polyomino could fit with the 
least amount of negative area. Comparing the polyominoes 
with the rectangles they are fitted into, different amounts of 
negative perimeter and negative area would be formed. 
For polyominoes forming the same amount of negative area 
in their rectangles, the longer the negative perimeter the 
polyomino has, the higher dispersion is its negative area. 
3.4.1 perimeters 
• 
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Then, two different strategies for the polyominoes to join 
and form puzzle patterns could be developed according to 
the relationships between polyominoes and their rectangles. 
If the polyominoes are joined according to their perimeters, 
closely packed patterns would be resulted. If the polyomi-
noes are joined according to their rectangles, the negative 
areas in the rectangles would form voids in the resulted pat-
terns. 
Hence, different opaqueness and transparency could be ob-
tained in the patterns by calculating and combining the use 
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3.5.4 transparency 
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Combinations 
4.1 Formation of blocks 
For using 3-dimensiona cube as module, a set of polyomino 
blocks with volumes would be formed. For the blocks formed 
with 2 to 5 cubes, there are 40 variations and they could be 
generally divided into 2 groups. The first group contains 20 
blocks, which are formed by giving thickness to the squares 
to form cubes to the 20 2-dimensional polyominoes shapes 
with 1 to 5 squares. The second group contains another 20 
blocks which are formed directly by manipulating cubes in a 
3-dimensional way. 
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4.2.1 rectangular volumetric frames 
Similar to the 2-dimensional case, each polyomino block 
could be fitted into a rectangular spatial frame with the least 
amount of negative space. 
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4.2.2 surfaces 
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4.2.3b combination 2-axis 
If combining the polyomino blocks in this group along a sin-




4.2.3b combination 2-axis 
If combining the polyomino blocks in this group along two 




4.2.3b combination 2-axis 
If combining the polyomino blocks in this group along 
















4.3.1 rectangular volumetric frames 
Similar to the previous case, each polyomino block could be 
fitted into a rectangular spatial frame with the least amount 
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4.2.3b combination 2-axis 
If combining the polyomino blocks in this group along a sin-




4.2.3b combination 2-axis 
If combining the polyomino blocks in this group along 
two axis, a 3-dimensional puzzle would be resulted on all 
planes. 

4.2.3b combination 2-axis 
If combining the polyomino blocks in this group along 





5.1 Case study 01 
Gifu Kitagata Apartment Takahashi Wing, Japan Hiroshi Takahashi 
This building, designed by Hiroshi Takahashi, is part of the 
development of the Gifu Kitagata Apartments in 1994. 
To achieve freedom and variations in design, the architect 
impelled to take into consideration the geometry of poly-
ominoes for vertical organization of the residential units. 
Main elevations of the residential units in this building in 
the shapes of polyominoes are firstly organized into a lin-
ear puzzle pattern and the linear pattern is then repeated to 
form the whole fagade of the building. 
In addition, each unit is provided a balcony which act as 
attachment to the envelope of the building. This again pro-
vided variations and hierarchy of order in spaces and eleva-
tions of the building. 
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5.2 Case study 02 
Gifu Kitagata Apartment Sejima Wing, Japan Kazuyo Sejima 
The building, designed by Kazuyo Sejima in 1994 is part of 
the development of the Gifu Kitagata Apartments. There are 
total 107 residential units occupying the second to the tenth 
floors of the building. 
In order to break down the monolithic and monotonous 
characters in this highly modularized housing, the architects 
impelled to take into consideration the geometry of polyomi-
noes in design, which formed a rhythmic puzzle pattern on 
the fagade of the building. 
The architect also tried to consider the inclusion of exterior 
space in collective housing design. This is expressed by as-
signing one terrace to each residential unit in the building. 
Each terrace is in form of a single void which leaves totally 
107 holes in the building block. These voids not only provid-
ed variations and orders in spaces and elevations, but also 
allowed the far side of the building could be glimpsed and 
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5.3 Case study 03 
Space Blocks Kamishinjo, Osaka, Japan Kazuhiro Kojima 
It is a building located near the center of Osaka in Japan, 
which is an dense area with small factories and low-cost 
apartment buildings include a lot of one-room apartments. 
The site is a long, irregular rectangle on its short sides fac-
ing the roads, while on the longer sides facing adjacent 
buildings. 
The brief for this site was the design of a building for studio 
apartment rentals which the concept adopted by the archi-
tect was called "Basic Space Block (BSB)". It is a simple 
and generic, yet effective tool for creative a complex space 
by using cubic modules. By applying the BSB concept in the 
apartment building design, the architect tried to suggest a 
new type of urban condominium that would each apartment 
have added value of uniquely shaped spaces. Small voids 
connecting different floor levels were incorporated into the 
building, allowing people to live in the volumes instead of 
being confined on planes. 
Throughout the design phase, a small cube with sides 2.4 
meters long was selected as a module and three to five 
modules form a BSB in average. Each BSB is an apartment 
and a collection BSBs forms the entire building. 
The BSBs, formed with polyomino shaped surfaces, are or-
ganized mainly in parallel with each other, side by side on 
their long faces, which short faces are exposed to exterior, 
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Shek Kip Mei is one of districts in Hong Kong filled with the 
most various public hosuing types. It is also the starting 
point of the Hong Kong public housing history. 
In 1953, a serious fire was happened in Shek Kip Mei which 
caused more than 58,000 people losing their homes. In or-
der to settle the people, the government built 8 temporary 
housing blocks in Shek Kip Mei which became the initial 
H-shaped prototype of public housing in Hong Kong. In the 
following years, more public housing buildings were built in 
different districts. To meet the construction efficiency, these 
early public housing buildings were built to provide the low-
est living standard with shared utilities and in average only 
2.2 sq.m usable floor area per adult on a standardized floor 
plan. 
Nowadays, most of these early public housing buildings 
were demolished but few are still standing in Shek Kip Mei. 
However they will also be replaced with new housing build-
ings soon according to the urban re-development plan. 
With the backgrounds, a new residential housing prototype 
for the area is chosen as the thesis design topic. It will be 
aimed on providing a better living standard for small fami-
lies, with more varieties in spatial organization but keeping 




The housing building would contain 3 types of residential 
unit combined of interior (living rooms) and exterior (balco-
nies) spaces. With reference to the idea of polyominoes, 
each unit would be a combination of 3m x 3m x 3m cubic 
spaces. 
Interior 
A: studio unit = 27 + 9 sq.m 
/I /I /T 
Exterior 
/I~71 
B: bedroom unit 1 = 36 + 9 sq.m 
/ / / 
‘ / 
, / / J / zr A 
/T 
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bedroom unit 2 = 36 + 9 or 18 sq.m 
/i /I /I 
6.3 Selections 
Considering each polyomino block represents the interior 
spaces of one residential unit 10 of the polyomino blocks 
are selected for planning according to the programs and se-
quences of the cubes. 




6.4 Spatial variations 
From the selected 10 polyomino blocks, there exist totally 
29 variations when the blocks are positioning in different ori-
entations. This provided at most 29 spatial variations for the 

























































Z /I >c 7 Zl 
B11 
C2 C3 C4 
/ 
/ 




IZ Z 7 
Spatial variations 
A: studio unit 
B: one bedroom unit 1 
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7 horizontal supports 
For each cubic space in the residential units it will be 
framed by a 3m x 3m x 3m prefabricated cubic structural 
module. Each module will be formed by a matrix system of 




B only T only 
7.1.2 vertical supports 
Wall = 3/4 Wall = 2/4 Wall = 1/4 Wall 0 
2 Modular formations 
7.2.1 variations 
According to the design needs, totally 129x3 = 387 differ-
ent variations of cubic module could be prefabricated in the 
factory based on the methodogy. 
Numbers of closed face 2 
2 0 




Variations Variations = 43 Variations = 129 
5 
6 6 6 
7.2.2 examples 
Example 
/ / / / / 
A 
/z < 7 / [/ 













Within the structural modules infills could be inserted to 





7.3.2 envelopes and partitions 
Building envlopes and interior partitions could also be con-
structed by infills. 
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3 options: the l-shaped, L-shaped and 0-shaped, each with 
two buildings, were developed according to the geometry 
of the site to replace two of the old linear public housing 
blocks. The option 3 with twin towers of housing building 
was chosen for further development to demostrate the ap-
plication of the idea of polyomlnoes into architecture. 
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8.1.2 servant and served 
The square plan would be consisted of 2 parts. On the pe-
riphery, there would be residential units formed by stacking 
up the prefabricated cubic modules. At the center, it would 
be a cast in-situ servant core providing public circulations 
and services. It is also responsible to structurally hold the 
cubic modules to the center of the building. 
Servant core (cast in-situ) Served units (cast in-factory) 
8.1.3 zones 
The square plan would be zoned in rings, from the most 
public vertical circulation (1) and semi-public horizontal cir-
culation (2) at the center, to the semi-private service rooms 
(3) and the most private living rooms (4) on the periphery. 
Zone 1 Zone 2 Zone 3 
Zone 4 
8.1.4 exposures 
Each residential unit needs to expose to interior core for 
utility supports and access, and it also needs to expose to 
exterior for light and ventilation. 
The 29 spatial variations of the residential units could be 
generally divided into two groups according to there rectan-
gular volumetric frames that they could be fitted into. Which 
are the 6m x 6m x 6m group and the 9m x 6m x 6m group. 
When different variations of the residential units are orga-
nized in the left comer, middle or the right comer of the plan, 
they would have different behaviour in exposure to interior 
and exterior. Here, such behaviour is examined for each 
variation when different organizations are taken. Clearly, 
some organizations are failed to be exposed to both interior 
and exterior this formed a general guidline for planning. 
Exposed to interior Exposed to exterior 
8.1.4a exposures in left corner 
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8.1.4b exposures in middle 
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8.1 Ac exposures in right corner 
Group 1 /I 
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8.2 Plans, sections & elevations 
8.2.1 structures 
G/F Plan 1/F Plan 
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12/F Plan 13/F Plan 14/F Plan R/F Plan 
Section A 
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Elevation 
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8.2.2 layouts 





1/F - 5/F Elevation 2 
8.2.3 interiors 
Interior Plan 
Interior Section B 
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Interior View 2 
Exterior View 

8.4 Key developments 
enclosure and partition infills-
railing infills-




one bedroom unit 2 





module with top and bottonrr 
module without top-
service core cast in-situ-
living modules prefabricated in factory 






Space Blocks Kamishinjo, Osaka, Japan, 1994-1998 Kazuhiro Kojima 
m 
It is an building located near the center of Osaka, the sec-
ond largest city in Japan, which is an dense area with small 
factories and low-cost apartment buildings include a lot of 
one-room apartments of a typical floor area of about 20 
square meters. The site is a long, irregular rectangle on its 
short sides facing the roads, while on the longer sides, one 
is a restaurant and one is a workshop. 
The brief for this site was the design of a building for studio 
apartment rentals which the concept adopted by the archi-
tect was called "Basic Space Block (BSB)". It is a simple 
and generic, yet effective tool for creative a complex space 
by using cubic modules. By applying the BSB concept in the 
apartment building design, the architect tried to suggest a 
new type of urban condominium that would each apartment 
have added value of uniquely shaped spaces. Small voids 
connecting different floor levels were incorporated into the 
building, allowing people to live in the volumes instead of 
being confined on planes. 
Throughout the design phase, a small cube with sides 2.4 
meters long was selected as a module and three to five 
modules form a BSB in average. Each BSB is an apartment 
and a collection BSBs forms the entire building. 
The BSBs, formed with polyomino shaped surfaces, are or-
ganized mainly in parallel with each other, side by side on 
their long faces, which short faces are exposed to exterior, 
forming the long facade of the entire rectangular building 
block. 
As each BSB have at least both of their short faces exposed 
to the exterior, light and ventilation could be ensured for 
each apartment. In addition accesses to apartments are 
mainly provided on a long fagade of the building as an at-
tached structure, through the short faces of the BSBs. 
Although light, ventilation and access, which are the basic 
criteria for living, are provided, one major deficiency in ar-
ranging the openings on the short faces of the BSBs would 
be the long and deep rooms formed in proportion to the 
height of the openings which sunlight could not reach di-
rectly. Hints to try to solve this problem could be seen in 
the sections of the apartments that the architects introduced 
some half cubes, out of the cubic modular theory, on mod-
ules exposing to the exterior of certain apartments. These 
half cubes are mainly used to increase the height of the 
openings which at the same time the depth of the sunlight 
could reach into the apartments. 
As shape of each BSB is unique, space in each apartment 
is also unique and hence floor plans are different from each 
other. This is difficult for effective utilities arrangement how-
ever the architect did it successfully by vertically line up the 
utility rooms to form seven cores in the building. Hence pipe 
works could go vertically downwards without horizontally 
crossing the slabs which minimized leakage risk and made 
maintenance easier. 
The building is higher modular in spatial arrangement and 
so does the structural system. The whole building is sup-
ported by load bearing wails which are in fact the envelopes 
of the modular BSBs. Additionally, the walls enclosing the 
utility rooms are also load bearing which forms structural 
cores interweaving with the enveloping walls to form the en-
tire structural system of the building. 
Hierarchy of order could by found from seeing the build-
ing as a whole in a volumetric perspective. If the building is 
considered as a large regular rectangular module, the final 
form of the building could actually be achieved in another 
way from adding and crafting out volumes from the module 
as showing in the figures, which provided an additional level 
of interest for people to appreciate the architecture. 
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